Balancing selection provides a plausible explanation for the maintenance of deleterious 13 alleles at moderate frequency in livestock, including lethal recessives exhibiting 14 heterozygous advantage in carriers. In the current study, a leg weakness syndrome 15 causing mortality of piglets in a commercial line showed monogenic recessive 16 inheritance, and a region on chromosome 15 associated with the syndrome was identified 17 by homozygosity mapping. Whole genome resequencing of cases and controls identified 18 a mutation coding for a premature stop codon within exon 3 of the porcine Myostatin 19 (MSTN) gene, similar to those causing a double-muscling phenotype observed in several 20 mammalian species. The MSTN mutation was in Hardy-Weinberg equilibrium in the 21 population at birth, but significantly distorted amongst animals still in the herd at 110 kg, 22 due to an absence of homozygous mutant genotypes. In heterozygous form, the MSTN 23 mutation was associated with a major increase in muscle depth and decrease in fat depth, 24 suggesting that the deleterious allele was maintained at moderate frequency due to 2 25 heterozygous advantage. Knockout of the porcine MSTN by gene editing has previously 26 been linked to problems of low piglet survival and lameness. This MSTN mutation is an 27 example of putative balancing selection in livestock, providing a plausible explanation 28 for the lack of disrupting MSTN mutations in pigs despite many generations of selection 29 for lean growth. 30 Introduction 32 Leg weakness is heterogeneous condition causing lameness in pigs, and has negative 33 impacts on both animal welfare and productivity [1, 2]. Significant heritability estimates 34 have been reported for leg weakness traits [reviewed in 3], with moderate to high 35 estimates in certain pig breeds, e.g. h 2 = 0.45 in Landrace [4]. Several quantitative trait 36 loci (QTL) have been identified for these traits, albeit they are generally not consistent 37 across studies and breeds [5-8], which may be partly due to the heterogeneity of this 38 condition. Interestingly, significant genetic correlations between leg weakness and other 39 production traits (such as growth and muscle depth) have been detected [4]. Further, in a 40 divergent selection experiment in Duroc lines, selection for high leg weakness was 41 associated with a significant increase in muscle length and weight [9]. Taken together, 42 these results suggest a degree of antagonistic genetic relationship between leg weakness 43 and muscle growth traits in pigs, potentially explaining increases in the syndrome 44 observed with intense selection for lean growth in recent decades. 45 Deleterious alleles can be maintained at relatively high frequency in commercial livestock 46 populations due to heterozygous advantage for traits under selection [10]. Examples of 47 65
such balancing selection in cattle include a frame-shift mutation in the mannose receptor 48 C typed 2 (MRC2) gene responsible for crooked tail syndrome and also associated with increased muscle mass in Belgian Blue [11] , and a large deletion with antagonistic effects 50 on fertility and milk production traits in Nordic Red [12, 13] is likely to have caused an 51 increase in incidence of porcine stress syndrome (also known as malignant hyperthermia) 52 in the 1970s and 1980s, due to the association of the causative missense mutation with 53 reduced backfat -a trait under selection. More recently, a recessive embryonic lethal 54 deletion in the bone structure and strength QTL 9 (BSS9) gene was associated with 55 heterozygous advantage for growth rate, explaining an unexpectedly high frequency of 56 this allele in a commercial pig line [14] . 57 We investigated genetic parameters and mode of inheritance for a leg weakness syndrome 58 causing piglet mortality in a commercial line of Large White pigs. A monogenic recessive 59 inheritance was observed, and homozygosity mapping was used to identify a genomic 60 region on sus scrofa chromosome (SSC) 15 associated with the trait. A mutation causing 61 a premature stop codon in exon 3 of the Myostatin (MSTN) gene (similar to mutations 62 causing the 'double-muscling' phenotype in cattle [15] was the outstanding functional 63 candidate in the region. Comparison of MSTN genotype frequencies at birth and 110 kg 64 supported this hypothesis, and carriers were shown to have significantly higher muscle GCA_000003025.6) and finished with SNP H3GA0044732 (rs80936849) at position 90 95,062,143 (Fig 1a and b) . The MSTN gene was located within this homozygous segment, 91 from position 94,620,269 -94,628,630. The 8.3 Mbp segment was assumed to represent 92 a selective sweep likely to contain the underlying causative mutation, and became the 93 focus of further analyses to discover and characterise this mutation.
94
Sequence analysis reveals MSTN mutation as causative candidate 95 To identify candidates for the causative variant, whole genome sequence data from ten 96 cases, six presumed heterozygous carrier dams, and 22 controls were analysed. A total of 97 40 SNPs identified within the homozygous segment fitted the pattern of a potential 98 causative variant assuming a recessive mode of inheritance. Functional annotation of 99 these SNPs revealed that 19 were intergenic, 19 were intronic, 1 was in a pseudogene, 100 and 1 caused a premature stop codon. There were also 10 InDels identified, 3 of which 101 were intergenic and 7 of which were intronic ( Figure S1 ). The outstanding functional 102 candidate was a mutation in the third exon of the MSTN locus that results in the 103 replacement of a codon for glutamic acid with a stop codon in exon 3 at position 274 104 (c.820G>T; p.E274*) ( Figure 2A ). The mutation is located in a region that is highly 105 conserved across multiple species, and is predicted to result in truncation of the protein 106 ( Figure 2B ). Functional annotation of all other variants detected in the selective sweep 107 region did not reveal any other obvious causative candidates. This SNP and stop gain 108 mutation was not present on the Ensembl variation database, accessed 25 th July 2018.
109
Changes in mutant allele frequency from piglets to adults 110 The MSTN c.820G>T mutation showed no statistically significant deviation from Hardy 111 Weinberg equilibrium (HWE) in the 486 piglets sampled at birth (q = 0.22, α = 0.019, 112 χ 2 =0.18, P > 0.05). Random mating of the dioecious population would be expected to 113 result in a value of α that is slightly negative [17] , and the value observed does not differ 114 significantly from this value. However, the mutation deviated significantly from HWE at 115 40 kg (q = 0.17 α = -0.180, χ 2 =12.2, P > 0.001) and at 110 kg (q = 0.17 α = -0.210, 116 χ 2 =11.45, P > 0.001). This was due to the loss of homozygous mutant piglets, with all but 117 one dying (or being euthanized) shortly after birth, and the remaining piglet being 118 euthanized due to poor health before it reached 110 kg. The large change in α in a negative 119 direction is quantitative evidence of the selective disappearance of homozygote 120 genotypes, as opposed to disappearance as a result of selection against the allele itself.
121
There were no significant changes in the relative genotype frequencies (GG, GT) over the total period or any sub-period from birth to the end of the test, confirming all changes in 123 q and a are due to the selective loss of homozygotes, and that any other mortality or 124 culling was at random with respective to MSTN genotype.
125
Association of the MSTN mutation with performance traits 126 The association of the porcine MSTN c.820G>T mutation with performance traits was 127 assessed on 384 pigs which had completed a commercial performance test. Given the loss 128 of the homozygous mutant animals the effect of the MSTN c.820G>T mutation was only 129 estimated by the difference between the heterozygotes and the wild type pigs. The 130 genotype means and differences are shown in Table 3 , with the most notable of these 131 being a major increase in muscle depth and a reduction in fat depth in the carriers (p < data and pedigree structure are presented in Table 1 .
205
The leg weakness in the phenotyped animals was visually classified as normal or affected 206 (0 / 1 respectively). The leg defect is characterised by the piglet not being able to 207 straighten its legs to stand, this being most apparent for the front legs, and being slow to 
